Autism is a neurodevelopmental disorder of early childhood with unknown aetiology. In this study we aimed to investigate the changes in biochemical markers of inflammation, apoptosis, and mitochondrial function in the serum of children affected with autism spectrum disorder. Moreover we evaluated the changes in cholinesterase activity as a cholinergic marker in serum of these subjects. Twenty autistic children aged 3 to 12 years were gender and age-matched with 20 typically developing (TD) children. Changes in the levels of the proinflammatory cytokine monocyte chemoattractant protein-1 (MCP-1), the transcription factor nuclear respiratory factor 2 (NRF-2), the antiapoptotic factor -cell leukemia/lymphoma 2 (Bcl2) as well as cholinesterase activity were measured in serum of autistic children and controls. We found significant increments in serum MCP-1, NRF-2 and Bcl2 of autistic children by 185.3%, 41.8% and 63.5%, respectively, compared to corresponding control values. There was also marked increase in serum cholinesterase activity by 97.5% (P<0.001) in autistic patients compared to controls. These results indicate an increased inflammatory response in serum of autistic children and suggest that serum levels of BChE, Bcl2 and NRF-2 are elevated in autism, possibly as an adaptive mechanism to the chronic inflammatory process. Serum BChE might serve as a biomarker of inflammation in autistic subjects.
INTRODUCTION
Autism is a neurodevelopmental disorder of early childhood characterized by behavioral abnormalities, impairments in communication, attention, cognition, learning, social interactions, and repetitive stereotypic behaviors 1, 2 . More boys than girls are affected with a ratio of 4:1 3 and with a prevalence rate of 1 in 68 births in US 4 . The exact cause of autism is not yet fully understood, but genetic factors 5 , immunological dysfunction 6 , allergy 7 and environmental agents e.g., diet, mercury, and infection with measles 8, 9 have all been suggested to contribute to its aetiology. In autistic children, there are increased autoantibodies against specific dietary peptides, bacterial antigens, mercury 8, 9 and also against brain proteins eg., anti-myelin-associated glycoprotein antibodies 10 and antinucleosome antibodies 6 . In response, oxidative stress 11-13 , increased cytokine production and inflammation [14] [15] [16] are detected in brain and serum of autistic subjects and are likely to mediate tissue damage 17 . Cholinergic deficit underlying social impairment in autism has also been suggested 18 . Moreover, deficits in mitochondrial bioenergetics 19 and evidence of oxidative damage to the mitochondria 12, 20 are found in autism. Autistic children also show structural brain changes such as increased cerebral volumes 21 and decreased cortical matter in specific brain regions 22 .
In this study, we measured the levels of the proinflammatory cytokine monocyte chemoattractant protein-1 (MCP-1), and the transcription factor nuclear respiratory factor 2 (NRF-2) in serum of autistic subjects. Nuclear respiratory factor 2 (NRF-2) is a transcription factor that activates mitochondrial genes involved in electron transport and oxidative phosphorylation 23 and both NRF-1 and NRF-2 act to regulate mitochondrial energy metabolism critical for neuronal function 24 . We also measured the changes in the antiapoptotic factor -cell leukemia/lymphoma 2 (Bcl2) in serum. The Bcl2 family of proteins is important in maintaining mitochondrial membrane integrity and in regulating the mitochondrial pathway of apoptosis. The antiapoptotic protein Bcl-2 acts by preventing the redistribution of the proapoptotic protein Bax to the mitochondria and thereby prevents the release of cytochrome c into the cytosol and the consequent activation of caspase proteins that initiate apoptosis 25 . Moreover, the level of cholinergic marker butyrylcholinesterase (BChE) activity was measured in the serum of autistic individuals.
Patients and Methods

Patients Selection
This cross sectional case-control study included twenty autistic children and adolescents (15 males and 5 females; age range, 3-12 years) with a mean age 5.67 ± 0.59 years. Subjects were diagnosed according to the 4th edition of Diagnostic and Statistical Manual of Mental Disorders (DSM IV) 26 . Diagnosis was done by a child psychiatrist. Subjects were recruited from Pediatric Psychiatry Clinic, Children's hospital, Faculty of Medicine, Cairo University, during the period from 2013-2014. None of the patients had underlying conditions apart from autism eg., syndromic causes, chromosomal or metabolic abnormalities. Autistic subjects were compared to 20 healthy age-sex-and pubertal stage-matched children and adolescents serving as controls. The latter had no clinical findings suggesting neuropsychiatric manifestations, any organic health problems or medications affecting our result. An informed written consent of participation in the study was signed by the parents or legal guardians of the studied subjects. The study was approved by the Bioethical Research Committee, Faculty of Medicine, Cairo University hospitals, Egypt.
Laboratory Investigations Quantification of MCP-1
Monocyte chemoattractant protein-1 was measured in serum using commercially available human MCP-1 ELISA kit (Glory Science Co., Ltd., Del Rio, TX, USA) according to manufacture instructions. The kit uses a double antibody sandwich enzyme linked immunosorbent assay to measure the level of MCP-1.
Quantification of NRF-2
Nuclear respiratory factor 2 was assayed in serum using a double-antibody sandwich enzymelinked immunosorbent assay (Shanghai Sunred Biological Technology Co., Ltd, Jufengyuan Road, Baoshan District, Shanghai).
Quantification of Bcl2
B-cell leukemia/lymphoma-2(Bcl2) was measured in serum using ELISA Kit purchased from Glory Science Co., Ltd. (Del Rio, TX, USA).
Determination of BChE activity
Butyrylcholinesterase (BChE) activity in serum was measured using a commercially available kit from Ben Biochemical Enterprise (Milan, Italy).
Statistical Analysis
Data are presented as mean ± SEM. Statistical analysis of the data was done using Student't test with SPSS software (SAS Institute Inc., Cary, NC). A probability value of less than 0.05 was considered statistically significant.
RESULTS
Serum MCP-1 concentrations were significantly higher by 185.3% (p<0.001) in autistic subjects (234.9 ± 8.9 ng/l) than in the control group (82.32 ± 6.0 ng/l) ( Figure 1 ). Serum NRF-2 increased by 41.8% (p<0.001) from a mean of 32.15 ± 2.5 ng/ml in the control group to 45.6 ± 2.3 ng/ml in the autistic group (Figure 2 ). Serum Bcl2 was significantly higher in autistic subjects than in the control group (63.5% increase: 2.06 ± 0.18 ng/ml vs. 1.262 ± 0.13 ng/ml, p<0.001) (Figure 3 ). Serum butyrylcholinesterase (BChE) activity increased from a mean control value of 3872.9 ± 166.5 U/l to 7648.8 ± 171.4 U/l in those with autism (p<0.001) (Figure 4 ).
DISCUSSION
The present study provided further evidence for an increased inflammatory response in children and adolescents with autism spectrum disorder. Thus a marked increase in serum MCP-1 level was observed in autistic subjects compared with their controls. This inflammatory chemokine is involved in the recruitment of monocytes and other phagocytic cells eg., macrophages and microglia into the sites of inflammation and tissue damage 27, 28 . MCP-1 increases in brain tissue of subjects with autism driven by the activation of monocytes and astrocytes and which indicates the presence of an active neuroinflammation in this disorder 29 . Serum levels are also elevated in children with autism compared with typically developing counterparts and appear to correlate with executive functioning 30 . Moreover, Ashwood et al. 14 demonstrated an association between the increase in MCP-1 in autistic children and impaired behaviors and impaired developmental and adaptive functioning. MCP-1 could be induced under conditions of mildly impaired oxidative metabolism, causing the recruitment and activation of microglia to produce cytokines and resulting in neuronal death 31 . inflammation eg., traumatic brain injury 28 , ischaemic stroke 33, 34 and multiple sclerosis 35 .
Mitochondrial dysfunction has been implicated in the pathogenesis of autistic disorders 20, 36 . Mitochondria represent an important source for endogenous reactive oxygen metabolites and are also a target for free radicals-mediated oxidative damage 37 . Mitochondrial abnormalities in autism included reduced glutathione reserve capacity, increased free radical generation and a greater decrease in mitochondrial membrane potential upon exposure to physiologic concentrations of nitric oxide 38 . Napoli et al. 20 reported decreased oxidative phosphorylation capacity of granulocytes from autistic children which might result from oxidative damage to the mitochondria by the excessive production of reactive oxygen metabolites. This latter view was supported by the presence of mitochondrial DNA damage and a lower gene expression of the nuclear factor erythroid 2-related factor 2 (Nrf2). The transcription factor Nrf2 regulates cellular resistance to oxidants via controlling the expression of antioxidant response element-dependent genes and thus protect the cells against oxidative stress 39, 40 . Other researchers indicated abnormal mitochondrial reserve capacity in lymphoblastoid cells from autistic children and which improved following treatment with the glutathione precursor N-acetylcysteine 12 . Mitochondrial dysfunction in autism has been suggested as a contributor to the generation of an oxidized microenvironment 41 . In this study, we measured nuclear respiratory factor 2 (NRF-2) in the serum of autistics and control subjects. This transcription factor of the Ets family is important in controlling mitochondrial bioenergetics being required for the expression of a number of nuclearencoded mitochondrial proteins including Tfam or the specific mitochondrial transcription factor 24, 42 . NRF-2 comprises NRF-2a subunit that binds DNA and NRF2b, the transcription activation subunit 43 . Deletion of the DNA binding component of NRF-2 has been found to result in reduced mitochondrial mass, ATP production and oxygen consumption as well as mitochondrial protein synthesis 23 . The findings in the present study indicated significant increase in serum NRF-2 in autistic children, suggesting compensatory upregulation of this transcription factor in face of decreased mitochondrial function.
The Bcl2 family of proteins controls the mitochondrial pathway of apoptosis or programmed cell death 44 . The Bcl2 family comprises the apoptotic proteins Bax (Bcl2-associated X protein) and Bak (Bcl2 antagonist/killer) and antiapoptotic proteins including Bcl2 itself. In response to apoptotic signals, Bax translocates to the outer mitochondrial membrane and together with Bak induces permeabilization of the membrane. This is followed by the release of cytochrome c into the cytosol and the consequent activation of the apoptotic pathway. Bcl2 precludes the proapoptotic activity of activated Bax and Bak 25 . In this study, an increase in the level of the antiapoptotic factor -cell leukemia/lymphoma 2 (Bcl2) was observed in the serum of autistics. Other researchers reported decreased Bcl2 expression in the in the autistic brain and in lymphoblasts from autistic subjects [45] [46] [47] . Bcl2 expression is sensitive to oxidative stress and decreased expression is found in hippocampal neuronal cells exposed to hydrogen peroxide (H 2 O 2 ) 48 . On the other hand, Bcl2 overexpression confers cell resistance to oxidants such as H 2 O 2 and superoxide anion radical (O 2 • -) 49 . Bcl-2 affects cellular levels of antioxidants 50, 51 and Bcl-2-deficient mice showed increased oxidative stress and vulnerability to oxidants 50 . It is thus suggested that upregulation of Bcl2 in serum of autistic children observed in the current study might represent a response to the elevated levels of oxidative stress which has been shown in these subjects1 [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] .
Cholinesterases catalyze the hydrolysis of the neurotransmitter acetylcholine (ACh) terminating its action at cholinergic sites in the nervous systems i.e., the neuronal synapses in the central nervous system, the neuromuscular junction, the autonomic ganglia and the post-ganglionic parasympathetic nerve fibers at innervated organs. Both acetylcholinesterase (AChE, (E.C. 3.1.1.7) and butyrylcholinesterase (BChE, EC 3.1.1.8), also known as plasma cholinesterase plasma cholinesterase, hydrolyze acetylcholine but with differing substrate specificity that is AChE is faster in hydrolyzing acetylcholine than other choline esters while BChE hydrolyzes butyrylcholine more rapidly 52, 53 . Cholinergic neurotransmission is important for cognitive functioning and centrally acting AChE inhibitors are in use in subjects with Alzheimer's disease and there is also an evidence to suggest a benefit from inhibiting BChE 54, 55 . Studies suggested alteration in brain cholinergic system in autism 18, 56 . Nicotinic receptor abnormalities in the cerebral cortex and cerebellum of autistics were reported 56, 57 . Using positron emission tomography, Suzuki et al. 18 detected decreased hydrolytic activity of AChE in the fusiform gyrus, and suggested a deficit in presynaptic cholinergic innervations in adults with autism. On the other hand, AChE inhibitors eg., rivastigmine and donepezil have been attempted in autism to improve the deficient executive function but with varied results 58, 59 . In practice, measuring plasma and serum BChE is a sensitive indicator of exposure to organophosphorus insecticides for inhibition of cholinesterase activity is the main mechanism of their toxicity 60 . BChE might also be a useful marker of inflammation since increased serum activity was found in patients with hyperlipidaemia 61 or with the metabolic syndrome 62 . Moreover, BChE activities in serum as well as AChE activities in lymphocytes and whole blood increase in the relapsing-remitting form of multiple sclerosis. This occurred along with marked increments in the pro-inflammatory cytokines interferon-g (INF-g), INF-a, interleukin-1 (IL-1) and IL-6 in serum 63 . In this study, we measured serum cholinesterase (BChE) activity in children and adolescents affected with autism. A markedly increased BChE activity was found in the serum of autistic patients compared to their controls. The significance of this finding is yet to be determined. This increase in cholinesterase activity implies decreased cholinergic tone which might have a role in the increased inflammatory response observed in autism. Serum BChE might also serve as a biomarker for autistic disorders. 
